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ALBUMIN SYNDROME AND THE EFFECT OF
SIMULTANEOUS ADMINISTRATION OF
TETRAHYDROXYQUINONER
GERALDINE J. ZDYBEK SATOH, Pn.D. AND E. W. KELLY, Ja., M.D.
The production of cutaneous calciphylaxis in
experimental animals serves as a useful tool for
investigating the effect of calcification on con-
nective tissue. Calciphylaxis is defined by Selye
(1) as a condition of hypersensitivity in which
after sensitization by a systemic calcifying factor
as calciferol, topical treatment with certain
challengers as egg albumin causes an acute local
calcinosis followed by inflammation and scle-
rosis. Selye also draws attention to the great
similarities between many experimentally in-
duced calciphylactic syndromes and certain col-
lagen diseases.
The following communication will present
quantitative biochemical data on the changes in
collagen and acid mucopolysaccharides of skin
following the induction of cutaneous calciphy-
laxis in the albino rat and the effect of simul-
taneous administration of tetrahydroxyquinone
on the same moieties.
We have had great interest in the use of tetra-
hydroxyquinone in the treatment of keloids and
cases of scleroderma. Kelly (2) has reported on
the histological changes in keloids following the
oral administration of tetrahydroxyquinone.
These changes occur in the cellular, fibrous, and
ground substance of the connective tissue caus-
ing regression in the size of keloids. Collagen
bundles appear to break up, coarse bundles be-
ing less dense. Also apparent in treated lesions
is a decrease of metachromasia.
METHODs
Twenty female Sprague-Dawley rats approxi-
mately 175 grams in weight were used in this
study. They were divided into four groups of five
rats per group and were placed in metabolic cages
throughout the study. Group I served as a control.
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Group II received 30 milligrams of tetrahydroxy-
quinone (THQ) per day mixed in ground food
during the entire study. The calciphylactic syn-
drome was induced in groups III and IV by feed-
ing 2 milligrams of calciferol in corn oil by stomach
tube and 48 hours later iniecting 10 ml of 50 per
cent egg albumin-water subcutaneously in the mid-
dorsal region according to Selye (1). In addition
group IV received 30 milligrams of THQ per day
as did group II.
Twenty-four-hour urines were collected for
calcium determination. Sixteen days after calciferol
feeding all rats were sacrificed. Hair was clipped
from the mid-dorsal area and skin was removed
for collagen and acid mucopolysaccharide studies.
Skins were treated according to Scheme 1 for
acid mucopolysaccharide extraction. Hyaluronic
acid, chondroitinsulfurie acids, heparin, and kerato-
sulfate were separated based on the differential
solubility of mucopolysaccharide-cetylpyridinium
complexes in sodium chloride according to Schiller
(3). Uronic acid determination was performed on
aliquots from each sodium chloride concentration
by a modified carbazole reaction according to
Bitter (4). Sulfuric acid-borate solution was placed
in a glass stoppered tube and cooled to 00 C. The
test sample was added and the mixture shaken
vigorously. The samples were heated in a boiling
water bath for 15 minutes and then cooled to room
temperature. Carbazole reagent was added and
the samples heated at 1000 C for 10 minutes and
then kept in the dark for 3 hours. The optical
density was read at 530 millimicrons against a
reagent blank.
Orcinol-sulfuric acid reaction was also carried
out on similar aliquots for estimation of mono-
saccharides according to a modification of the
method of Brflchner (5). The aliquot to be ana-
lyzed was added to a 00 C mixture of sulfuric acid-
borate solution and heated at 1000 C for 15
minutes. After cooling, orcinol reagent was added.
After standing for 30 minutes the samples were
read at 480 millimicrons against a reagent blank.
Scheme II represents the method used for ex-
traction of neutral 0.2 its sodium chloride soluble
collagen, 0.2 M citrate acid soluble collagen, and
insoluble collagen from rat skin according to the
method of Jackson (6). Aliquots of the extracts
were hydrolyzed and assayed for hydroxyproline
by the method of Woessner (7). After acid hy-
drolysis the samples are adjusted to pH 6—7. Hy-
droxyproline oxidation is initiated by adding
chloramine T to each tube, shaking, and allowing
SCHEME I
Mucopolysaccharide Extraction
Skin
1) Defat two times with alcohol-acetone (1:1) by
homogenizing in a Vir Tis "23", slightly warming, and filtering
2) Defat two times with alcohol-ether (3:1)
Dry defatted skin Supernatants
1) Solubilize by stirring in 2% NaOH for 36 hours at room tern- discarded
perature
2) Neutralize
3) Precipitate mucopolysaccharides with ethyl alcohol contain-
ing 10 mg potassium acetate per 20 ml alcohol
4) Refrigerate until precipitate settles
5) Centrifuge
Precipitate Supernatant
1) Digest with Pronase in the presence of 0.1 M phosphate buffer, discarded
pH 7 by incubating for 48 hours at 37° C
2) Add trichloroacetic acid to a final concentration of 15%
3) Centrifuge
.1.
Residue Supernatant
discarded 1) Dialyze 1 day against tape water and 2 days against dis-
tilled water
2) To dialysate add cetylpyridinium chloride to a final con-
centration of 0.1% and NaCl to a final concentration of 0.04 M
3) Add celite and incubate 1 hour at 37° C
4) Centrifuge
Residue of acid mucopolysaccharides
1) Extract various mucopolysaccharides by several ex-
tractions each of 0.4 M NaCl-0.1% CPC, 1.2 M NaCl-0.1% CPC and 2.1 M NaCl-
0.1% CPC
2) Dialyze the pooled supernatants of each concentration
for 2 days to remove NaCl and CPC
3) Measure volume of dialysate and take a suitable aliquot
for hexosamine and uronic acid determinations
to stand for 20 minutes. The chloramine T is then duced into the water layer and 3.5 ml is withdrawn
destroyed by adding perchloric acid, mixing, and and the absorbancy of the sample determined at
allowing to stand 5 minutes. Finally, p-dimethyl- 557 millimicrons. A blank value is obtained by
aminobenzaldehyde solution is added. The tubes adding 0.2 ml of 30 per cent hydrogen peroxide to
are placed in a 60° C water bath for 20 minutes. the cuvette and mixing. The absorbancy of the
After cooling, the samples are extracted twice with blank is read exactly 5 minutes after the addition of
benzene and centrifuged at low speed to separate peroxide. The standard curve is prepared by sub-
the phases sharply. A pipette is carefully intro- tracting the peroxide blank reading from the
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Supernatant
discarded
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SCHEME II
Collagen Fractionation
Skin*
.1.
Pooled supernatants
1) Add solid NaC1 to give 20%
concentration of NaC1 and stir
2) Refrigerate until precipitate
settles and centrifuge at
12000 X g
Supernatant Residue of crude neutral 0.2
M NaC1 soluble collagen
1) Dialyze 2 days against
distilled water
2) Evaporate to a suitable
volume and make 6 N with HC1
3) Hydrolyze in capped
tubes at 100° C f or 36 hours
4) Measure volume and
filter
5) Aliquot for hydroxy-
proline determination
1) Homogenize in Vir Tis "23" in ten times its
buffer at 2° C
2) Stand at 2° C for 24 hours
3) Centrifuge at 12000 )< g for one half hour
4) Repeat above steps two times
I
Residue
1) Homogenize in 10
times its weight of 0.2 M citrate buffer, pH 3.4 in
Vir Tis
hours
g for one half hour
more times
2) Stand at 2° C for 24
3) Centrifuge at 1500 X
4) Repeat extraction two
I
Residue of crude insolu-
ble collagen
1) Wash three times
with 0.1 N NaOH cen-
trifuging each time
2) Wash residue five
times with distilled wa-
ter, centrifuging each
time at 2000 rpm
3) Autoclave in a
sealed vessel in two
times its volume of water
for 90 minutes at 18 lbs/
sq. in.
4) Cool and filter
5) Measure volume
and take a suitable volume,
adjust to 6 N in HC1 and hy-
drolyze in a capped tube at
100° C for 36 hours
6) Measure volume
and take a suitable aliquot
for hydroxyproline deter-
mination
* All extraction steps at 2° C.
initial reading for each standard from 0 to 5
micrograms. The same subtraction is performed
for each unknown sample with a small empirical
correction for the slight fading of the interfering
chromogens produced from the other amino acids.
HESULTS AND DISCUSSION
Figure 1 illustrates the urinary calcium ex-
cretion in the control and calciphylaxis group
based on the average milligram of calcium cx-
weight of 0.2 M NaC1, pH 7.5 with phosphate
Supernatant of crude
acid soluble collagen
1) Dialyze 2 days
against distilled water
2) Evaporate to suit-
able volume
3) Hydrolyze an ali-
quot6N in HC1 at 100° C
for 36 hours
4) Measure volume
and filter
5) Measure suitable
aliquot f or hydroxypro-
line determination
z0
z(I)
111111 CONTROL
44 CALCIPHYLAXIS
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Fia. 1. Average calcium excretion in milligram calcium per 24 hours
TABLE I creted per 24 hours for 5 rats per group. Days
Effect of oral tetrahydroxyquinone on, one through eight represent a period prior to
urinary calcium excretion the time calciferol was administered to the calci-
Average milligram of calcium excreted from phylaxis group. Calciferol administration results
ten rats per group per day with and without oral in hypercalcuria by increasing calcium absorp-
THQ administration. tion from the gut. This leads to a decrease in
fecal calcium excretion giving a state of hyper-Difference .
(mg Ca) calcemia. A very similar pattern was obtained
when comparing the control rats with the calci-
2.3 phyla ctic group which received tetrahydroxy-
1.7 quinone throughout the entire study although1.8 calcium excretion was somewhat higher in the
calciphylaxis-THQ group when compared to the
20 calciphylaxis group alone. Table I represents
26 urinary calcium excretion data from a previous
1.6 study in which 10 rats were used as controls and
1.0 10 rats were fed THQ orally mixed in their food
2.5 each day over a period of 13 days. The average
1.0 increase in milligrams of calcium per day over
1.6 13 days was 1.7 milligrams (P = <0.005). The
2.7
mechanism by which THQ mobilizes calcium
1 7 awaits further study.
_______
Table II represents neutral 0.2 M sodium chlo-
Day
1
2
3
4
5
6
7
8
9
10
11
12
13
Control
(mg Ca)
3.7
3.5
4.4
4.4
4.8
4.0
3.7
4.5
3.9
3.5
4.5
4.6
3.8
THQ
(mg Ca)
6.0
5.2
6.2
5.1
5.7
6.0
6.3
6.1
4.9
6.0
5.5
6.2
6.5
Average 4.1 5.8
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ride soluble collagen, citrate soluble collagen,
and insoluble collagen of normal and calciphy-
lactic rat skin with and without THQ treatment
expressed as milligrams of hydroxyproline per
gram wet rat skin. The results represent the
average of skins pooled from five rats per group.
Final determinations done in triplicate yielded
identical results. Pilot studies previously done
showed very similar results whetber skins were
pooled or analyzed individually (P = <0.05).
No significant changes were found in soluble col-
lagen in any of the groups. There is a 28 per cent
increase in insoluble collagen in the calciphylactic
group as compared with the control. Simultane-
ous administration of THQ to a calciphylaxis
group resulted in 37 per cent less insoluble col-
lagen when compared with the calciphylaxis
group alone.
Table III represents data on acid mucopoly-
saccharides of normal and calciphylactic rat
skin with and without THQ treatment, the
0.4 M sodium chloride fraction representing
hyaluronic acid, the 1.2 II sodium chlo-
ride fraction representing the chondroitin sul-
fates, and the 2.1 as sodium chloride fraction
representing hcparin and keratosulfate. Carba-
zole represents the uronic acid moiety expressed
io terms of micrograms glucuronic acid per gram
of dry defatted tissue and the orcinol represents
the monosaccharide moiety expressed in terms of
galactosc. The results represent. the average of
skins pooled from five rats per group. Signifi-
cant differences are found in the chondroitin
sulfates fraction. There is a 37 per cent in-
crease in chondroitin sulfates in the calciphy-
laxis group as compared to the control group
whereas simultaneous administration of THQ
to calciphylactic rats results in 48 per cent less
roup
wet
weigbt
tissue
(g)
O.2ae
NaC1
soluble
collagen
(mg hydro-
xyproline
per g wet
tisaue)
O.2M
Citrate
soluble
collagen
(mg bydro-
xyproline
per g wet
tissue)
Insoluble
collagen
(mg hydco-
xyprolioe
per g wet
tissue)
Control 6.77 0.11 1.3 11.3
THQ 5.90 0.13 1.6 6.3
Calciphylaxis 7.68 0.13 1.8 15.5
Calciphylaxis 6.87 0.11 1.5 9.7
and THQ
chondroitin sulfates when compared to a calci-
phylaxis group alone.
Although one is limited in drawing conclusions
from this preliminary investigation, it appears
rather obvious that dynamic processes are in-
volved in collagen and mucopolysaccharide me-
tabolism during the calciphylactic syndrome and
rather striking results are obtained by simul-
taneous administration of THQ.
Although many histological reports have ap-
peared, very little has been done on a quanti-
tative biochemical basis to investigate the
changes in the ground substance in cutaneous
calciphylaxis. Like inflammation, calciphylaxis
may be viewed as a reaction to injury. Even
though these two types of responses are es-
sentially different, calciphylaxis is accompanied
by inflammation followed by sclerosis (1). As
in inflammation the concentration of chondroitin
Rat skin mucopolysaccharides
Mucopolysaccharidcs of normal and calciphylactic rat skin from animals with
administration. Results expressed in micrograms per gram of dry dcfattod tissue.
TABLE II
Rat skin collagen
Neutral salt soluble collagen, acid soluble
collagen, and insoluble collagen of normal and
caleiphylactic rat skin from animals with and
without THQ administration.
TABLE III
and without THQ
Group
0.4 ss NaCI 1.2 M NaC1 2.1 a NaCI
Carbazole Orcinol C/O Carbazole Orcinol C/O Carbazole Occinol C/O
Control
THQ
Calciphylaxis
Calciphylaxis and THQ
140
133
136
140
145
133
144
143
0.9
1.0
0.9
1.0
71
87
112
58
51
63
80
42
1.4
1.4
1.4
1.4
9
8
9
4
20
26
21
27
0.5
0.3
0.4
0.2
6 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
sulfuric acids reaches a high level during the
period of greatest collagen fiber formation (8).
The mucopolysaeeharides present in inflamed
tissues do not seem to differ in nature from
those found in normal connective tissue.
Moss and Urist (9) reported studies on ex-
perimental cutaneous ealeinosis induced in the
area of pinched skin in rats treated with a single
dose of dihydrotachysterol. Coinciding with the
peak of hyperealcemia there was infiltration of
inflammatory connective tissue cells, collagen
fibers fragmented and split. This represented
the histological pattern 5 days after dihydro-
tachysterol when insoluble collagen is not very
abundant. Others have noted (8) that it is not
until 16 or more days after the inflammatory
reaction that the amount of insoluble collagen
increased parallel with an inerense in ehondroitin
sulfuric acids. This is in necord with the present
study.
All of the biochemical investigations on THQ
administration have so far only involved the
study of the connective tissue components of
polyvinyl sponge implants (10). Aside from this
only histological studies have been investigated
in both polyvinyl sponge implants and in the
study of keloids. In the THQ treatment of
keloids, coarse collagen bundles become less
dense and there is a loss of metaehromasia. In
the present study there was a 44 per cent de-
crease in insoluble collagen in the skin of THQ
treated animals as compared to the controls
and a slight increase in ehondroitin sulfuric acid
components. Although the mechanism of action
of THQ is unknown, it is known to have chelat-
ing properties. This is of interest in that recently
Hurych and Chvapil found that certain chelat-
ing agents inhibited insoluble collagen formation
(11). Since the normal turnover of insoluble
collagen is around 300 days, it is very possible
that THQ may enhance the degradation of in-
soluble collagen since inhibition of insoluble col-
lagen formation would not result in significant
losses of insoluble collagen over short periods
as studied in this experiment. Isotope incorpora-
tion studies are needed to further elucidate this
point.
Although more extensive studies are required,
it appears that THQ inhibited the induction of
the calciphylaetic syndrome. This must await
further investigations covering the entire period
of study until time of sacrifice.
SUMMAEY
Changes in the neutral salt soluble collagen,
acid soluble collagen, and insoluble collagen, and
acid mucopolysaeeharides in rat skin have been
investigated following the induction of cutaneous
ealeiphylaxis in rat skin. This study indicates
dynamic changes in these moieties as observed
in certain pathological conditions. Furthermore,
the simultaneous administration of tetrahydroxy-
quinone until time of sacrifice appears to have
counteracted the effect of ealeiphylaxis with re-
spect to both insoluble collagen and the ehon-
droitin sulfates.
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